Electrical impedance plethysmographic measurements of the relative changes in cephalic pulsatile blood volume (Rheoencephalography, or REG) have been porformed clinically for many years. REO indices provide information about cerebral vascular resistance (CVR). This technique has been used to noninvasively monitor real-time cephalic pulsatile blood volume changes in humans exposed to acceleration stress in the head-to-foot direction (+Gz) on the Naval Air Development Center (NADC) human centrifuge. Changes in the REQ waveform occuring with increasing +Gz load have been characterized.
INTRODUCTION
Advanced aerospace vehicles are capable of rapidly generating and sustaining acceleration forces at magnitudes and durations exceeding the unprotected tolerance limits of their human operators. The primary effect of +Qz stress is a reduction in blood flow to the brain and blood pooling in the extremities and abdomen.
It has been shown that under acceleration stress cranial vasoconstriction decreases, particularly in the pial system'. Rheoencephalography is a plethysmographic technique which relates changes in the volume and/or conductivity of the head to changes in electrical impedance. It has been shown that these pulsations depend upon integrity of cephalic blood flow".
The form of the pulsatile REG waveform (Zp) is quite variable and may change depending on the state of the cephalic vasculature.
The size and timing of its prominent features can give an indication of the state of the cephalic circulation (see Figure 1) .
The 'A' wavelet occurs with the systolic phase of the cardiac cycle' and ita peak follows the R wave of the ECQ (under normal conditions) by about 0.3s.
The 'C' wavelet is associated with overall venous pressure and the relative amount of impedance to venous outflow4. It is usually smaller in magnitude than ' A ' . i.e. CVR6. It is important to remember that REG is a ralntina measure of the state of the cephalic circulation. As such, the REG is most useful when comparing unstressed waveforms to those measured during acceleration stress.
METHODS
Relaxed Q-tolerance levels (Gl5) were determined for 20 volunteer male subjects during exposures to rapid onset (2 G/s), 15 eecond +Qz plateau runs on the NADC human centrifuge. G levels ranged from t2.5 to +5Gz. Relative changes in cephalic blood volume were obtained using REG. is less pronounced and the difference in magnitude between 'A' and 'C' is reduced.
Calculations of various
As the level of stress rises, more and more of the relatively highly conductive blood plasma and cerebrospinal fluid is redietributed within the skull or is drained out of the cephalic space. Therefore, the impedance of the head rises as acceleration stress increases.
For each index, five waveforms were averaged to eliminate the effects of random noise. While there was some variability among subjects, data points were averaged together since the overall trend in their indices was the same for each tGz level and point in time during the runs. The relative change in impedance was then expressed as the percent change between prestrees and stressed values. The prestress period is defined as five seconds prior to acceleration onset.
Exposure time is broken down as follows: 0-5s, 5-108, and 10-15s at +Gz plateau, 20-25s and 30-35s after acceleration onset. In this way any effects of cardiovascular (CV) compensation which may occur after ten seconds of high +Gz exposure may be seen'.
No effects of CV compensation were seen with ' A ' .
After 10s at t 3 . 5 and +4Gz, changes in 'C' indicate that compensation may have begun. Note that there is great variability within individuals as to when their CV compensatory responses may begin. The
129
US. Government work not protected b y US. copyright.
nature of this response also depends upon the rate of onset and level of acceleration stress. By 15s after offloading from plateau, all wavelets returned to within about 15% of the prerun levels. Analysis of the ratio a/T was difficult to interpret in the classical fashion. 'a' decreases with increaeing stress indicating reduced tone.
However, heart rate concurrently increases.
Therefore, there is a tendency for a/T to either rise or fluctuate. One sample t tests performed comparing prestress levels to stressed levels showed highly significant differences ( p < 0.01 or better) at t3.5 57, and above. By 15 seconds after offset of acceleration, a/T returned to prestress values.
CONCLUSIONS
A real-time method to non-invasively monitor pulsatile changes in cephalic blood volume under +5z stress has been demonstrated. This method has the potential to increase our fundamental understanding of the effects of +Qz stress on the central nervous system. 
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